A metaanalysis was done to identify the most effective prophylactic antibiotic regimen in hip fracture surgery. Specific comparisons addressed were antibiotics at any dose versus placebo, multiple doses (>24 hours coverage) versus one dose of antibiotics, and multiple doses versus 24 hours antibiotic coverage. Outcomes measured included overall wound infections, deep wound infection, superficial wound infection, urinary tract infection, and mortality. A computer search of the Medline and EMBASE databases (English language literature from 1966 to 2000 and 1988 to 2000, respectively) retrieved 15 randomized controlled trials which addressed the specific aims. Most studies evaluated antibiotics from the cephalosporin group. Antibiotic prophylaxis significantly reduced overall wound infections when compared with placebo and was equally effective for deep and superficial infections. One dose of intravenous antibiotics seemed no different than multiple doses. Antibiotic use also was associated with a significant reduction in the incidence of urinary tract infection but had no significant effect on mortality.
F ractures of the proximal femur usually are treated surgically. Surgical wound infection is a major postoperative complication. It generally is accepted that antibiotic prophylaxis is important in reducing the incidence of such infection. 18 Audits of current practice suggest that the majority of patients receive prophylactic antibiotics, 18 ,24 yet wide variability was evident in the type and dosage regimen of the antibiotics used.
Despite antibiotic guidelines recommending one intravenous dose at induction of flucloxacillin, many patients receive prolonged courses of antibiotics. A local audit of 732 patients with hip fracture admitted to five acute care hospitals during a 12month period in 1993 to 1994 identified almost universal use of some prophylaxis (average, 95.0%; range, 85.9%-98.4%). However, there was wide variability in duration of antibiotic use as evidenced by the use of multiple intravenous dosages followed by oral use without any documented evidence for infection (average, 52%; range, 32.1%-82.6%). Prolonged courses are not without risks, including adverse reactions, the emergence of resistant organisms, and economic costs. Such practices prompted the current review.
The overall objective of the current study was to evaluate the effectiveness of antibiotic prophylaxis for patients who have surgical intervention after a proximal femoral fracture and specifically to identify the optimal prophylactic regimen if possible. To evaluate various clinical scenarios, where risks and outcomes might be expected to differ, metaanalyses were done. The clinical questions addressed included: (1) antibiotics at any dose versus placebo; (2) subgroup analysis with respect to deep and superficial infections; (3) multiple doses of antibiotics versus one dose of antibiotics; (4) subgroup analysis with respect to deep and superficial infections; (5) multiple doses of antibiotics (>24 hours coverage) versus 24 hour antibiotic coverage; (6) subgroup analysis with respect to deep and superficial infections; (7) antibiotics at any dose versus placebo with urinary tract infection as an outcome; and (8) antibiotics at any dose versus placebo with mortality as an outcome.
MATERIALS AND METHODS

Literature Search
Computer searches were done using Ovid. The Medline search spanned 1966 to December 2000, and the EMBASE search included 1988 to December 2000. Searches involved combinations of the Medical Subject (MeSH) Headings shown in Table 1 . All the articles for analysis were cross-referenced and opinions were sought from experts in the field regarding other trials and unpublished data. The search strategy retrieved 16 articles [1] [2] [3] [4] [7] [8] [9] [12] [13] [14] [15] [16] [17] 19, 20, 23 that met the criteria to be included in the analysis (English language, randomized controlled trials of hip fracture surgery). A description of dosage regimens used in the trials appears in Table 2 .
Clinical Questions
The subgroup analyses attempted to answer the following clinical questions: (1) are antibiotics at any dose better than no antibiotics in preventing wound infection; (2) are antibiotics at any dose better than no antibiotics in preventing deep and superficial infections; (3) are multiple doses of antibiotics better than one dose of antibiotics in preventing wound infection; (4) are multiple doses of antibiotics better than one dose of antibiotics in preventing deep and superficial infections; (5) is antibiotic coverage greater than 24 hours better than 24 hours antibiotic coverage in preventing wound infection; (6) is antibiotic coverage more than 24 hours better than 24 hours antibiotic coverage in preventing deep and superficial infections; (7) are antibiotics at any dose better than no antibiotics in preventing urinary tract infection; and (8) are antibiotics at any dose better than no antibiotics in preventing mortality.
Analysis of Trials
Study quality was assessed in a standardized way ( Table  3 ). The articles were reviewed by us and any disputes were settled by discussion and the consensus view was taken, or metaanalysis models were done including and excluding particular studies to determine whether the statistical result changed.
After assessment of the articles, one article was not included in the metaanalysis as it was thought not to be randomized and this was the only essential component for inclusion. 23 As the concealment of allocation to treatment groups and blinding of clinicians and subjects in a trial have been shown to have a major influence on results, 10, 11, 22 these criteria were assigned a score to give each article an objective rating of quality (Table 3) . Scores for adequacy of concealment and blinding ranged from 0 (lowest quality) to 6 (highest quality). All of us independently assessed these potential problems to determine whether they would influence the outcome and, where undecided, additional metaanalyses were done with and without these studies to determine whether the statistical result had changed.
Statistical Analysis
Metaanalysis is a statistical technique used to combine (or pool) the results of several individual studies concerned with the same research question. 21 Metaanalysis is particularly useful when individual studies have too few subjects to reach statistically meaningful conclusions on their own. There are two statistical approaches to pooling study results: the fixed model and the random effects model. 21 The random effects model was used in the current study because it incorporates the sample size of individual studies and any variability in results between studies in calculations of pooled results and confidence intervals.
The overall result of combining the individual papers is expressed as a summary odds ratio where results less than one favor the antibiotic for reduction of infections and results greater than one favor the placebo. The 95% confidence interval describes the possible range that the summary odds ratio could take. Any interval that includes one (the point of equal effect between the two groups) is considered not to be statistically different.
For this study results were analyzed using Stata 6.0 (Stata Corp, College Station, TX) with the DerSimonian and Laird random effects method. 6 A metaanalysis also was done including only the articles that rated above 3 on the quality score and a separate analysis was done including only the articles that rated 3 and below. The outcomes of the two metaanalyses were compared to assess the impact of the scoring system on the results of the metaanalysis.
Numbers needed to treat to prevent one adverse outcome were calculated to give an indication of the relative clinical importance of the various findings. 5 The calculation of the number needed to treat is derived from the absolute difference in the rate of adverse outcomes between intervention and control groups. Consider a study in which five of 100 subjects in the intervention group have an adverse outcome compared with 10 of 100 subjects in the control group. This means that the intervention has prevented five adverse outcomes per 100 people treated. The number needed to treat to prevent one adverse outcome is 20.
RESULTS
Results of the critical appraisal of the quality of included studies are shown in Table 4 . A description of the interventions and the results of each article reviewed are shown in Table 2 . Antibiotics of any dose or duration are better than no antibiotics in preventing surgical wound infection. Ten papers were included in the analysis. [1] [2] [3] [4] 7, 13, [15] [16] [17] 19 The individual study results and the combined effect are shown in Figure 1 .
There were 2417 patients. Three of the 10 studies showed a statistically significant benefit of antibiotics, five studies showed a trend in favor of antibiotics, whereas two studies favored placebo. In the latter seven studies the confidence lim- 20 Nafcillin or cefazolin 1 g IV at surgery, every 6 hours IV for 3 days and 500 mg every 6 hours orally for 4 days 2 of 44 Nafcillin or cefazolin 1 g IV preinduction and every 6 hours IV for 24 hours 2 of 59 †Number of infections. *10 days followup. **1 year followup (used in metaanalysis). IV-intravenous administration. IM-intramuscular administration.
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Antibiotic Prophylaxis in Hip Fracture Surgery: A Metaanalysis its included an odds ratio of 1.0 and no statistically significant differences could be identified. The combined results showed a summary odds ratio of 0.55 (95% confidence interval, 0.35-0.85). The published results of one of the studies 2 had excluded a group of patients with infected wound hematomas. This group was included in the total number of infections for this metaanalysis.
A subgroup analysis of deep and superficial infections was done, where this could be determined from the published methods. 3, 7, 13, 15, 17, 19 Antibiotic administration did not cause a significant reduction in deep or superficial wound infections when analyzed separately. The result for deep wound infections was an odds ratio of 0.53 (95% confidence interval, 0.20-1.38) (six papers). When data from papers in which infections are described as major (rather than deep), 1,2 are included in the above analysis, the summary has a narrower confidence interval and is statistically significant but the point estimate essentially is unchanged (odds ratio, 0.52; 95% confidence interval, 0.28-0.99).
Where wounds could be identified as superficial (seven papers), the metaanalysis resulted in a summary odds ratio of 0.67 (95% confidence interval, 0.44-1.01). 1, 3, 7, 13, 15, 17, 19 A metaanalysis then was done comparing treatment versus placebo according to the scoring system described earlier (Table 3 ). Articles with a score above 3 (three papers) 1,2,4 had a summary odds ratio of 0.45 (confidence interval, 0.26-0.78) and articles with a score 3 or below (seven papers) 3, 7, 13, [15] [16] [17] 19 had a summary odds ratio of 0.59 (confidence interval, 0.30-1.18).
Multiple doses of antibiotics were found to be no better than a one intravenous dose (usually given at induction of anesthesia). 3, 8, 9, 14 The information extracted from one paper 9 includes only the data that related to the Austin-Moore prosthesis for hip fractures. This resulted in a summary odds ratio of 0.93 (95% confidence interval, 0.39-2.24). Some of the remaining reported data, which may have included hip fractures also involved fracture reduction at other sites (wrist, tibia, and digits) and was not used in the main analysis.
Multiple doses of antibiotics were found to be no more effective than one dose for deep infections (odds ratio 0.79; 95% confidence interval, 0.24-2.62) 3, 8, 9, 14 or superficial infections (odds ratio, 1.10; 95% confidence interval, 0.39-3.08). 3, 8, 9, 14 Antibiotic coverage for more than 24 hours was found to be no more effective than 24 hours antibiotic coverage 8, 12, 20 with a summary odds ratio of 1.15 (95% confidence interval, 0.58-2.25). The same subgroup analysis for deep 8, 12, 20 and superficial infection 8, 12, 20 revealed an odds ratio of 0.99 (95% confidence interval, 0.36-2.69) and an odds ratio of 1.31 (95% confidence interval, 0.53-3.22), respectively.
Prophylactic antibiotics reduced the incidence of urinary tract infections. 4, 17, 19 There were 987 patients. This showed a 47% relative reduction (odds ratio 0.53; 95% confidence interval, 0.38-0.73). The analysis was done with data from one paper 19 which reported rates of urinary tract infection at 7 days after surgery. This study also reported incidence of urinary tract infection at 4 weeks after surgery. 19 These latter results were included in a second analysis with an odds ratio of 0.71 (95% confidence interval, 0.53-0.97). Both results show a statistically significant reduction in urinary tract infections.
There was a nonstatistically significant reduction in mortality. 3, 4, 13, 17 Analysis of this outcome produced an odds ratio of 0.62 (95% confidence interval, 0.32-1.20).
DISCUSSION
Early publications tended to find large differences between groups receiving antibiotic treatment and control groups *Assessment of allocation to study groups according to published guidelines. 15, 18 20 No Unclear 0 AC-allocation concealment adequate. Score-an objective rating of the quality of an article ranging from 0 (lowest quality) to 6.0 (highest quality).
When allocation concealment was unclear it was presumed not to have occurred. receiving placebo, 7 but with better operating room conditions and general attention to hygiene, the baseline infection rate in the control group has been declining. Although guidelines recommend one use, the majority of patients are receiving intravenous antibiotics beyond one use and many are continuing with oral antibiotics well beyond the 24 hours postoperatively. 18, 24 This metaanalysis was done to resolve the issue regarding the optimal use of prophylactic antibiotics in hip fracture surgery. The value of metaanalysis is well illustrated here. Eight of 10 studies that addressed the general issue of prophylactic antibiotics in hip fracture surgery had odds ratios less than one, which suggests prevention of infection. However, probably because of small sample sizes, the results of only three of these studies were statistically significant. Using metaanalytic technique to combine the results of all 10 studies gave a highly statistically significant (P = 0.008) odds ratio of 0.55, a 45% relative risk reduction.
Prophylactic antibiotics were effective in reducing the incidence of wound infection (combined superficial and deep) after hip fracture surgery, when compared with placebo. The overall incidence of infections in the treatment group was 5.39% (67 of 1244) and in the control group was 10.40% (122 of 1173). This gave an absolute risk difference of wound infection when treated with prophylactic antibiotics of 5.01%. Therefore, to prevent one such infection from developing, 20 patients need to be treated.
Multiple doses (ranging from more than 1 day to 14 days) of antibiotics conferred no greater risk reduction than did one dose of antibiotics given as one intravenous injection at induction of anesthesia immediately before surgery. This result was consistent in the deep and superficial subgroups. There was no difference between multiple doses of antibiotics (more than 24 hours) and 24 hours antibiotic coverage (usually 2-3 doses depending on dosage schedule) in reducing the incidence of postoperative wound infections. This result also was consistent in the deep and superficial subgroups. However, there were fewer studies designed to evaluate these questions and the methodologic quality scores were low. Although the available data are highly suggestive that one dose of antibiotics is sufficient, additional randomized trials are necessary to identify the specific antibiotic and to settle the issue of 24 to 48 hours cover that is a clinical trend although not backed by data.
There was a slight but significant reduction in the incidence of urinary tract infections in the treated patients. The incidence of urinary tract infection in the treatment group was 16.67% (83 of 498) and in the control group was 27.20% (133 of 489). The absolute risk difference was 10.53% and the number of patients needed to treat (to prevent one urinary tract infection) was nine.
Finally, there was a nonsignificant reduction in mortality in the population of patients who received prophylactic antibiotics. This may be attributable to an insufficient number of patients in this pooled analysis which reduces the power of the study to show a true treatment effect.
A scoring system was developed from the criteria used to assess the quality of the randomized trials in this metaanalysis (see Materials and Methods). It was constructed to assess the influence that the quality of evidence had on the final outcome of the metaanalysis. Pooling of data from articles ranking above 3 of a maximum of 6 showed a significant reduction in postoperative surgical wound infections which was greater than the overall combined effect. The fact that better quality studies have found a greater effect strengthens our confidence in the results of the metaanalysis.
The articles that ranked 3 or below produced a nonsignificant reduction. Therefore, if the better quality studies had FIGURE 1. In this graphic presentation of the metaanalysis results comparing all prophylactic antibiotics with placebo for prevention of infection after hip fracture surgery, the studies are listed by first author and reference number. The closed square represents the odds ratio with the lines representing the 95% confidence interval. The size of the closed square gives an indication of the study sample size with the larger squares having a larger sample size. Values plotted to the left of the vertical line (odds ratio = 1) indicate that antibiotics are better, whereas values to the right of the line indicate that placebo is better. Statistical significance at the 5% level (p < 0.05) is reached when the 95% confidence interval (CI) lines do not cross the midline vertical. The numerical values for odds ratios and 95% confidence intervals are listed in the last column. The open diamond represents the metaanalysis summary or overall odds ratio and 95% confidence interval graphically with the numerical result in the last column.
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Antibiotic Prophylaxis in Hip Fracture Surgery: A Metaanalysis not been included in this metaanalysis the conclusion drawn would be that there is no role for use of prophylactic antibiotics in the management of hip fractures. This conclusion has been proven to be incorrect. Prophylactic antibiotic administration for hip fracture surgery is in widespread clinical use and has been confirmed to reduce the incidence of postoperative wound infection. One dose of antibiotics, usually 1 or 2 g of a cephalosporin, given intravenously at the time of induction of anesthesia seems to be as effective as multiple doses of antibiotics. This is not reflected in local clinical practice where a wide variation in dose, type, and duration of antibiotic use was documented. The restriction to one dose should result in considerable cost savings and reduction of potential for development of antibiotic resistance overall. If sufficient clinical doubt remains, then additional randomized trials are warranted particularly with newer generations of more expensive antibiotics.
Prophylactic antibiotics also result in a significant reduction in urinary tract infections after surgery; however, there was no significant difference in mortality. The scoring system has highlighted the importance of selecting good quality clinical trials to do an accurate metaanalysis.
